Changes in mRNA stability have been shown to regulate critical intracellular processes. In this investigation, we studied tyrosine hydroxylase ( TH) mRNA turnover in functionally and anatomically distinct dopaminergic (DA) populations of the rat hypothalamus. To this end, long-term slice explant cultures from postnatal, preoptic area /hypothalami, containing three anatomically discrete DA populations, were generated and maintained under defined conditions. The organotypic cultures were treated with the transcription inhibitors 5,6-dichloro-1-Dribofuranosylbenzimidazole or actinomycin D and processed for in situ hybridization histochemistry. Relative TH mRNA content per cell was quantitated. Single-cell analysis showed marked differences in basal TH mRNA turnover rates between DA neuronal populations. Anterior and midhypothalamic DA neurons exhibited half-time turnovers of 9 -12 and 11-23 hr, respectively. In contrast, in the caudal hypothalamus, DA neurons of the arcuate nucleus had a significantly lower baseline level and more rapid turnover (6 -7 hr) of TH mRNA. This investigation shows that basal turnover of a phenotypic mRNA, TH mRNA in DA neurons, is not an intrinsic property of the phenotypic marker. Furthermore, we found that destabilization of TH mRNA in the caudal hypothalamus corresponds to the known rhythmic output displayed by arcuate DA cells and, as such, may be critical for normal function of this population. We propose that intrinsic differences in the post-transcriptional regulation of TH permits neuronal subpopulations, which subserve different physiological functions, an additional mechanism to control DA biosynthesis in response to their unique needs.
Changes in mRNA stability have been shown to regulate critical intracellular processes. In this investigation, we studied tyrosine hydroxylase ( TH) mRNA turnover in functionally and anatomically distinct dopaminergic (DA) populations of the rat hypothalamus. To this end, long-term slice explant cultures from postnatal, preoptic area /hypothalami, containing three anatomically discrete DA populations, were generated and maintained under defined conditions. The organotypic cultures were treated with the transcription inhibitors 5,6-dichloro-1-Dribofuranosylbenzimidazole or actinomycin D and processed for in situ hybridization histochemistry. Relative TH mRNA content per cell was quantitated. Single-cell analysis showed marked differences in basal TH mRNA turnover rates between DA neuronal populations. Anterior and midhypothalamic DA neurons exhibited half-time turnovers of 9 -12 and 11-23 hr, respectively. In contrast, in the caudal hypothalamus, DA neurons of the arcuate nucleus had a significantly lower baseline level and more rapid turnover (6 -7 hr) of TH mRNA. This investigation shows that basal turnover of a phenotypic mRNA, TH mRNA in DA neurons, is not an intrinsic property of the phenotypic marker. Furthermore, we found that destabilization of TH mRNA in the caudal hypothalamus corresponds to the known rhythmic output displayed by arcuate DA cells and, as such, may be critical for normal function of this population. We propose that intrinsic differences in the post-transcriptional regulation of TH permits neuronal subpopulations, which subserve different physiological functions, an additional mechanism to control DA biosynthesis in response to their unique needs.
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Changes in mRNA stability have been shown to regulate critical cellular processes such as expression of early response genes (i.e., c-fos and c-myc) after stimulation by neurotransmitters, cytokines, or growth factors (Greenberg and Belasco, 1993) ; histone gene expression during cell cycling (Atwater et al., 1990) ; homeostasis of intracellular iron levels (Klausner et al., 1993) ; and peptidylglycine ␣-amidating mono-oxygenase gene expression in pituitary tissue by thyroid status (Fraboulet et al., 1996) . Examples of mRNA stability as an intracellular regulatory mechanism continue to accumulate; however, the overall importance of this post-transcriptional event in governing cell function is difficult to evaluate because of the complexity of the in vivo state. To circumvent these problems, many investigations have focused on dissociated culture models of catecholaminergic cells. Using such paradigms, changes in the mRNA stability of tyrosine hydroxylase (TH), the rate-limiting enzyme of catecholamine biosynthesis (Levitt et al., 1965) , have been associated with neuronal differentiation (Summerhill et al., 1987) , hypoxia (Czyzyk-Krzeska et al., 1994a,b) , cell-cell contact (Saadat et al., 1987) , phorbol ester (Vyas et al., 1990) , cAMP analog (Fossom et al., 1992) , and cholinergic stimulation (Craviso et al., 1992) . However, even in model systems, estimates of basal TH mRNA half-time (t 1/2 ) turnover, a measurement of mRNA stability, show variability ranging from 6 to 16 hr (Vyas et al., 1990; Fossom et al., 1992; Czyzyk-Krzeska et al., 1994a) . The variability may result from use of different immortalized cell lines and /or experimental paradigms. In the present study, we circumvent many difficulties associated with in vivo studies, yet focus on primary CNS neurons, by examining turnover of a single mRNA type in postnatal CNS neurons maintained in organotypic cultures under defined conditions. By analyzing phenotypically similar but anatomically discrete neurons with different efferents, this study addresses the hypothesis that neuronal populations expressing a single phenotypic marker, TH, have similar mRNA turnover rates.
Discrete populations of TH-containing neurons (i.e., periventricular, incertohypothalamic, tuberohypophysial, and tuberoinfundibular) are present within the preoptic area / hypothalamus and are central to both endocrine and behavioral functions (Versteeg et al., 1975; Arbogast and Voogt, 1991a; Manzanares et al., 1992; Eaton et al., 1994; Wagner et al., 1994) . To isolate anatomically discrete dopaminergic (DA) cell groups and examine TH mRNA turnover within such populations, long-term slice explant cultures from distinct regions of the preoptic area / hypothalamus were generated and maintained under defined conditions. These cultures retain their neuroanatomical organization and thus allow examination of neurons within an organotypic environment (Wray et al., 1988) . In addition, slice explant cultures display characteristics of their in vivo counterparts including changes in gene expression (Wray et al., 1989) , mRNA stability (Carter and Murphy, 1989) , neurosecretion (Baertschi et al., 1982) , and circadian rhythms (Tominaga et al., 1994) . Using slice explant cultures, in situ hybridization histochemistry (ISHH), and the transcription inhibitors 5,6-dichloro-1-D-ribofuranosylbenzimidazole (DRB) and actinomycin D, this study calculates basal TH mRNA turnover of three anatomically distinct hypothalamic DA populations. We report that DA cells of the arcuate nucleus in the caudal hypothalamus (CH) have a basal TH mRNA turnover of 6 -7 hr, whereas those observed in the anterior hypothalamus (AH) and mid-hypothalamus (MH) were 9 -12 and 11-23 hr, respectively. Therefore, baseline stability of a phenotypic mRNA, rather than being conserved among cell populations (classified by that marker), reflects the specialized function(s) of each neuronal subpopulation.
MATERIALS AND METHODS
Materials. Actinomycin D, DRB, dimethyl sulfoxide (DMSO), D-glucose, apo-transferrin, putrescine, sodium selenite, bovine insulin, and L-ascorbic acid were obtained from Sigma (St. Louis, MO). Eagle basal medium, EBSS, Ham's F-12 nutrient mixture, L-glutamine, PSN antibiotic mixture, and horse serum were obtained from Life Technologies (Grand Island, NY). Boehringer Mannheim (Indianapolis, IN) supplied bovine serum albumin.
Organotypic cultures. Tissue was cultured as slice explants by the rollertube method as described previously (Wray et al., 1988 (Wray et al., , 1989 . Briefly, brains from 5-d-old rat pups were removed, and the preoptic area/ hypothalami were blocked and sectioned at 400 m on a McIlwain tissue slicer. Coronal slices (two from each region) containing DA neurons in preoptic/AH, MH at the level of the paraventricular nucleus, and CH were separated, placed in Gey's balanced salt solution enriched with glucose, and refrigerated for at least 1 hr. Slices were adhered onto glass coverslips by a plasma/thrombin clot, placed in 15 ml Falcon tubes, and rotated in a Bellco roller drum. For optimal thinning, cultures were initially grown in serum-containing media consisting of 25% heatinactivated horse serum, 50% Eagle basal medium, 25% EBSS supplemented with 7.5 mg /ml glucose, 2 mM glutamine, 12.5 g /ml penicillin, 12.5 g /ml streptomycin, and 25 g /ml neomycin (Wray et al., 1988) . Seven days before experimentation, cultures were transferred to defined media composed of 50% Eagle's basal media and 50% Ham's F-12 nutrient mixture supplemented with 10 mg /ml bovine serum albumin, 100 M putrescine, 5 g /ml insulin, 100 g /ml transferrin, 2 mM glutamine, 7.5 mg /ml glucose, 12.5 g /ml penicillin, 12.5 g /ml streptomycin, and 25 g /ml neomycin (Wray et al., 1989) . After 18 d in culture, the slice explants were treated with vehicle (0.1% DMSO), 4 M actinomycin D, or 150 M DRB, inhibitors of gene transcription. At the times indicated, cultures were fixed and prepared for immunocytochemistry or ISHH.
Immunocytochemistry. After treatment, slice explants on coverslips were fixed with 4% formaldehyde in PBS for 1 hr and then washed several times with PBS. Cultures were blocked for 1 hr in 10% NGS/0.3% Triton X-100, washed in PBS, and incubated in TH antibody (1:5000; Eugene Tech, Allendale, NJ) overnight at 4°C. The following day, cultures were washed in PBS and incubated in biotinylated secondary antibody (1:500; Vector, Burlingame, CA) in PBS/0.3% Triton X-100 for 1 hr. The cultures were washed with PBS, incubated with avidin-biotin-horseradish peroxidase complex (Elite 1:600; Vector) in PBS/0.3% Triton X-100 for 1 hr, and rinsed with PBS, and the complex was visualized using 3Ј3-diaminobenzidine and glucose oxidase (Wray et al., 1988) . After the reaction, cultures were counterstained with 0.5% methyl green, dehydrated in ethanol, cleared in xylene, and mounted.
In situ hybridization histochemistry. ISHH was performed as described previously (Wray et al., 1991) with slight modifications. Briefly, slice explants were fixed in 4% formaldehyde, rinsed in PBS, permeabilized in 0.3% Triton X-100/0.05 M EDTA /0.1 M Tris buffer, rinsed in Tris buffer, washed in 0.25% acetic anhydride/0.1 M triethanolamine hydrochloride-0.9% NaCl, rinsed in 2ϫ SSC, dehydrated through ethanol, delipidated in chloroform, rinsed in ethanol, and air-dried. A 48 oligonucleotide probe (5 pmol), complementary to the coding region of rat TH (bases 867-914) (Grima et al., 1985) , was 3Ј end-labeled with [S 35 ]dATP (specific activity, 1000 -1500 Ci/mmol; DuPont-NEN, Boston, MA), 100 U terminal deoxynucleotidyl transferase (Boehringer Mannheim), and 5ϫ Tailing buffer (Life Technologies) to a specific activity of 10,000 -18,000 Ci/mmol. Labeled probe (500,000 cpm) was applied to each culture in 25 l of hybridization buffer [4ϫ SSC, 50% formamide, 10% dextran sulfate, 250 g /ml yeast tRNA, 500 g /ml sheared single stranded salmon sperm DNA, 1ϫ Denhardt's solution, and 100 mM dithiothreitol (DTT)]. Cultures were hybridized overnight in humid chambers at 37°C. The following day, cultures were rinsed in 1ϫ SSC/65 mM DTT, washed at high stringency in 2ϫ SSC/50% formamide/41 mM DTT at 45°C, followed by 2ϫ SSC/50% formamide at 45°C without DTT, and washed in 1ϫ SSC at room temperature. Cultures were then rinsed in water, dehydrated in ethanol, dried, and placed against film. After x-ray film exposure for 3 d, the cultures were dipped in NTB3 (Eastman Kodak, Rochester, NY) and exposed for 14 d. Emulsion-covered cultures were developed in Dektol (Eastman Kodak) at 15°-17°C, rinsed in water, and fixed with Kodak fixer, then counterstained with 0.5% methyl green, dehydrated in ethanol, cleared in xylene, and mounted with Permount. Frozen rat brain sections were used as positive controls and were treated with ISHH procedures identical to those for cultures. A second probe generated against rat TH cDNA (bases 631-680) (Grima et al., 1985) produced similar results (data not shown).
Quantitation and statistical analyses of single cell data. Images were digitized using an image analysis system consisting of a Sony CCD Video Camera Module Model XC-77, Power Macintosh 7100/80, Zeiss upright microscope, and National Institutes of Health (NIH) Image Software (Wayne Rasband, NIH, Bethesda, MD). All statistical comparisons were calculated with StatView (Abacus Concepts, Berkeley, CA).
To compare average cell size of TH-immunostained cells from different anatomical regions, 50 TH-immunostained cells from three to five cultures from each region were digitized under bright-field microscopy, and area measurements/cell, expressed as m 2 , were calculated. Differences were analyzed using an ANOVA with a Fisher's PSLD post hoc comparison.
Quantitation of mRNA was performed as described previously (Wray et al., 1991) . TH mRNA levels within single cells were examined by measuring integrated densities of silver grains over a cell and the cell area enclosing silver grains; within an individual culture, all discernible single cells were analyzed. Silver grains deposited on labeled cells, initially detected under dark-field microscopy, were digitized under bright-field microscopy, and mean optical density (O.D.) measurements (15% above background) per cell area, expressed as O.D./m 2 , were calculated for single cells and local background. The value was then multiplied by the highlighted cell area to obtain a total TH mRNA level per cell (O.D./ cell). Local background multiplied by the measured background cell area was subtracted from each cell measurement to obtain a corrected TH mRNA level per single cell:
For a population of cells within a given treatment group, a range of mRNA levels per cell is observed, with the frequency distribution being positively skewed (Zoeller et al., 1988; Wray et al., 1989) (also see Fig. 5 ). Therefore, significant differences between two treatment groups were calculated using the Kolmogorov-Smirnov test for nonparametric data. Because slice explant cultures were generated on different dates and processed for ISHH separately (batch I and batch II), within each anatomical region mRNA levels per cell from batch II were normalized to those of batch I by multiplying values in batch II by the ratio of control mean batch I/control mean batch II in each region. In the AH (ratio ϭ 3.01), the frequency distribution of all controls in batch I (n ϭ 870 cells from eight cultures) was not significantly different (Kolmogorov-Smirnov test, p Ͻ 0.05) from controls in batch II (n ϭ 270 cells from four cultures) after normalization. Similarly, in the MH (factor ϭ 1.37), batches I and II (n ϭ 943 and 763, from seven and five cultures, respectively) and CH (factor ϭ 1.72), batches I and II (n ϭ 570 and 207, from four and three cultures, respectively), no significant differences were observed between control populations of each batch within a given region. After this analysis, treatment groups were normalized using the ratios given. The mRNA levels per cell of all cells within a treatment group in a given region were then pooled to create a frequency distribution.
AH, MH, and CH cultures were treated with actinomycin D or DRB for 0, 8, 16, or 40 hr. Nonlinear regression curves of TH mRNA turnover were generated from the median value of each group frequency distribution using a one-phase exponential decay equation (Prism, GraphPad, San Diego, CA). The median, defined as the value in which 50% of all values of a population fall above and below, was used for the turnover calculations, because it is a better measure of central tendency in skewed distributions. T 1/2 values were estimated as the time when the level TH mRNA per cell was one half of the maximum (t ϭ 0). All data were analyzed by one investigator to minimize sampling error. Data from the MH, which was reanalyzed by a second investigator, confirmed the turnover results (batch factor normalization ϭ 1.04) for batches I and II (n ϭ 500 and 404, from seven and five cultures, respectively) and was used to determine TH mRNA turnover in that region.
RESULTS
A parasagittal section of the preoptic area / hypothalamic region from a neonatal rat brain illustrating the TH-containing cells examined is shown in Figure 1 A. The locations of the coronal sections taken for culturing (AH, MH, and CH) are marked below the figure. From each of the three distinct anatomical regions, an example of an in vivo coronal section before culturing and immunocytochemically stained for TH is shown (Fig. 1 B-D) .
Slice explants from each anatomical region, maintained for 18 d in culture and immunostained for TH, are shown in Figure 2 A-C. In vitro slice explants spread and thinned to a few cells in thickness (Wray et al., 1988) . Some cultures maintained their initial shape (see Fig. 2 B) , whereas others opened laterally at the position of the third ventricle (see Fig. 2 A) . Comparable slice explant cultures processed for ISHH show TH mRNA labeling in single cells (Fig. 2 D-F ) . Note similar positions of TH-immunostained and TH mRNA-labeled neurons among cultures from the same region (compare Fig. 2, A and D , B and E, C and F ) .
Initial experiments suggested that size differences exist among the different populations of DA neurons in vitro. Therefore, sizes of TH-immunostained cells from slice explants from different anatomical regions were examined. TH-immunostained cells maintained in slice explant culture were significantly different from each other ( p Ͻ 0.05, ANOVA). The average THcontaining perikarya (n ϭ 50) was 209 Ϯ 13, 173 Ϯ 11, and 146 Ϯ 6 m 2 in the AH, MH, and CH, respectively. In THimmunostained sections from postnatal day 5 tissue in vivo, cells (n ϭ 10) were 242 Ϯ 20, 111 Ϯ 9, and 105 Ϯ 10 m 2 in the AH, MH, and CH, respectively.
Baseline levels of TH mRNA in control cells from each anatomical region were examined (Fig. 3) . Mean and median levels of TH mRNA in single cells for TH-labeled neurons were 28448 and 18636, 19688 and 15351, and 19213 and 10932 O.D . U in the AH, MH, and CH regions, respectively (see Table 1 ). The frequency distribution of TH mRNA levels in each population (Fig. 4) 2 ). Clearly, in vitro TH-containing neurons in the AH and MH are larger and contain more TH mRNA than those in the CH. Similar size and mRNA differences in postnatal hypothalamic DA neurons have been reported in vivo (Daikoku et al., 1986; Arbogast and Voogt, 1991b) . DRB and actinomycin D, which act at pharmacologically discrete steps of transcription (Sobell, 1973; Marshall and Price, 1995) , were used to block mRNA transcription and estimate TH mRNA degradation or turnover in each region. Slice explant cultures were treated with 150 M DRB or 4 M actinomycin D (Vyas et al., 1990; Czyzyk-Krzeska et al., 1994a) and fixed for ISHH (Fig. 5A-C) or immunocytochemistry (Fig. 5D-F ) at 0, 8,  16 , or 40 hr. Slice explants from each region contained THimmunostained cells after incubation with DRB or actinomycin D at the times indicated (Fig. 5D-F ) , showing that the treatments did not simply eliminate TH-containing neurons and that cultures remained viable. Table 1 shows mean TH mRNA levels per cell for each treatment group and statistical differences among groups (Kolmogorov-Smirnov test, p Ͻ 0.001). Using these measurements with both transcription inhibitors, turnover rates of TH mRNA in the AH, MH, and CH can be approximated as Ͻ16, Ͼ16, and Ͻ9 hr, respectively. However, in all regions examined, TH mRNA per cell per population has a skewed, rather than normal, distribution (see Fig. 4 ). This has been shown for other cell types in vitro (Wray et al., 1989) and in vivo (Zoeller et al., 1988) . Because of the skewed distribution, extreme values are weighted more heavily than those near the mean when calculating the mean. To avoid this bias, the median, defined as the value in which 50% of all values of a population fall above and below, was the measure of central tendency used to generate curves and estimate TH mRNA turnover (Fig. 6 A-C) . T 1/2 values were calculated as the time when the TH mRNA level per cell was one half of maximum (t ϭ 0). Using median values, t 1/2 TH mRNA estimates are 12 and 9, 11 and 23, and 6 and 7 hr for DRB and actinomycin D in the AH, MH, and CH regions, respectively. The two transcription inhibitors produced similar t 1/2 estimates, and nearly superimposable curves, within the AH and CH regions.
DISCUSSION
The present work examines the intrinsic regulation of gene expression of a single phenotypic marker, TH, in subpopulations of DA forebrain neurons. Anatomically distinct DA populations of the hypothalamus were established and maintained in vitro in long-term organotypic slice explants. We report marked differences in the post-transcriptional regulation of TH mRNA within these populations. Basal TH mRNA levels in DA neuroendocrine cells of the CH were considerably lower and displayed the fastest turnover of TH mRNA, compared with levels for rostral DA A-C were immunocytochemically stained using an antibody against TH (bright-field photomicrographs). D-F were processed by ISHH using a synthetic deoxynucleotide antisense probe for TH mRNA (dark-field photomicrographs). A and D are cultures from the medial preoptic /anterior hypothalamic region ( AH in Fig. 1) ; B and E are cultures from the periventricular region of the hypothalamus at the level of the paraventricular nucleus and zona incerta (MH in Fig.  1) ; and C and F are cultures from caudal hypothalamic regions containing the arcuate nucleus (CH in Fig. 1) . V, Third ventricle. Black arrows point to a few individual TH-immunopositive neurons (A, B) ; white arrows point to a few of the cells expressing TH mRNA as indicated by clusters of white silver grains over cell soma regions. Arrows in C and F indicate the arcuate nucleus containing large numbers of TH-immunopositive neurons (C ) and cells expressing TH mRNA (F ). Scale bar, 500 m.
populations. We propose that intrinsic differences in the posttranscriptional regulation of TH permit neuronal subpopulations, which subserve different physiological functions, an additional mechanism to control DA biosynthesis in response to their unique needs.
This study is the first to compare basal TH mRNA turnover rates in anatomically defined populations of CNS DA neurons. Previously, in dissociated cultures of rat hypothalami, TH mRNA turnover after stimulation with forskolin was estimated as ϳ14 hr (Kedzierski et al., 1994) . However, several populations of DA neurons are present within the preoptic area / hypothalamus (for review, see Moore and Lookingland, 1995) . In the AH, THcontaining neurons, part of the rostral A14 DA cell group, lie adjacent to the third ventricle. These DA neurons, which are positioned rostral to the suprachiasmatic nuclei and project locally to the medial preoptic nucleus and anterior hypothalamic area, have been co-localized with substance P (Seroogy et al., 1988) , cholecystokinin, and neurotensin (Ibata et al., 1984) . Evidence indicates that these DA interneurons are regulated by dopamine receptor-mediated mechanisms and regulate reproductive function (Summerhill et al., 1987; Pehek et al., 1988; Gonzalo-Ruiz et al., 1992; Rasmussen et al., 1992) . MH sections (at the level of the paraventricular nucleus) contain at least three anatomically distinct populations of TH-containing neurons. Within this region, some periventricular DA neurons (still classified as A14) receive input from corticotropin-releasing hormone neurons and may modulate stressor effects (Thind and Goldsmith, 1989) . A more rostrocaudal subpopulation of A14 DA neurons within the MH sections is the periventricular-hypophysial DA neuron subpopulation; neurons in this group project to the intermediate lobe of the posterior pituitary (Daikoku et al., 1986) and tonically inhibit ␣-melanocyte-stimulating hormone secretion from pituitary melanotrophs (Goudreau et al., 1992) . The perikarya of DA neurons in the zona incerta (A13) are also found within sections from the MH. These incertohypothalamic neurons project within (Björk-lund et al., 1975) and outside the hypothalamus [e.g., to the septum, bed nucleus of the stria terminalis, and diagonal band of Broca (Wagner et al., 1995) , and may modulate the estrous cycle (James et al., 1987; Sanghera et al., 1991) ]. Finally, the caudalmost hypothalamic sections (CH) contain the TH-containing tuberoinfundibular neurons of the arcuate nucleus (A12). These neuroendocrine cells project to the median eminence, release dopamine into the hypophysial portal circulation, inhibit prolactin release from pituitary lactotrophs, and downregulate in response to feedback control by prolactin (for review, see Neill and Nagy, 1994) .
Slice explant cultures from the preoptic area to the CH were generated to experimentally isolate forebrain DA subpopulations. These explants retained much of the cytoarchitecture present in original tissues, thus allowing for examination of primary DA neurons in an "organotypic" environment. Because cultures were maintained in defined medium for 1 week before experimentation, unknown factors present in serum-containing medium and effects of circulating hormones typically encountered in vivo were avoided. DA neurons in explants from the three hypothalamic regions displayed significantly different basal TH mRNA levels and soma sizes, with those in the CH being the lowest and smallest, respectively. Similar differences in TH mRNA levels and cell size have been observed in vivo in adult and postnatal rat hypothalami (Van den Pol et al., 1984; Arbogast and Voogt, 1991b) . In addition, an increase in TH mRNA levels between postnatal day 5 tissue and explants maintained in culture for 18 d was observed (data not shown) that parallel the increase observed in vivo during this time (Arbogast and Voogt, 1991b) . Overall, these findings suggest that many aspects of maturation of DA systems occurs in slice explant culture and that baseline differences between TH-containing populations present in vivo (i.e., size and basal TH mRNA levels) exist in vitro as well.
Recently, in PC12 cells, a hypoxia-inducible protein (HIP) was shown to bind TH mRNA and increase its t 1/2 from 10 to 30 hr (Czyzyk-Krzeska et al., 1994a,b) . The protein is induced after a 3 hr exposure to hypoxic conditions (Czyzyk-Krzeska and , suggesting that this form of TH regulation is fairly rapid. Furthermore, recent data showing the TH mRNA / HIP complex in carotid bodies, superior cervical ganglia, adrenal glands, and brain extracts indicate that this mechanism of TH mRNA stabilization may occur throughout the nervous system. Therefore, HIP binding could be a characteristic mode of TH mRNA stabilization, although agents other than hypoxia that induce HIP have yet to be found. We report that the AH has a TH mRNA t 1/2 of 9 -12 hr, suggesting that HIP levels in this region may reflect those in normoxic PC12 cells. MH DA neurons may also be regulated by HIP, but compared with the other populations examined, MH DA neurons exhibit a large range in estimated TH mRNA turnover. This range probably does not result from a sexually dimorphic difference (Manzanares et al., 1992) , because no differences in basal TH mRNA levels were observed in MH controls after 18 d in culture (KolmogorovSmirnov test, p Ͼ 0.01). However, several other factors may have contributed to the observed range. First, as discussed previously, at least three anatomically and functionally distinct populations of DA neurons exist in the MH. Second, populations within this region may have differential sensitivities to the two inhibitors used, each of which acts at a pharmacologically discrete step of transcription (Sobell, 1973; Marshall and Price, 1995) on the transcript of interest and on that of other potential regulators of mRNA stability. Third, functionally distinct DA populations within the MH may maintain different basal levels of HIP. Any one of these factors alone or in combination with the others may explain the range in TH mRNA turnover observed in the MH.
In contrast to the MH and AH, the CH has an estimated TH mRNA half-life of 6 -7 hr, a basal rate that is less than that observed in normoxic PC12 cells (Czyzyk-Krzeska et al., 1994a) , suggesting that these neuroendocrine cells exhibit an alternative mechanism to regulate TH mRNA degradation. Indeed, the DA neuroendocrine cells of the arcuate nucleus differ from other TH-containing populations of the hypothalamus in many respects. Early work in vitro shows that the rate of dopamine synthesis in the median eminence and hence in terminals of arcuate DA neurons is 4 or 7ϫ faster than that in the arcuate nucleus itself or in the residual hypothalamus, respectively (Versteeg et al., 1975) . Baseline activity of arcuate DA cells, as estimated by DOPAC levels, appears to be at least 5 times greater than that of incertohypothalamic DA neurons (Eaton et al., 1994) and 10 times greater than that of periventricular-hypophysial DA neurons . In total, these studies show that arcuate DA neurons not only release dopamine more often, but synthesize dopamine faster than the other populations. We report here that dopamine cells of the arcuate nucleus have the lowest baseline level of TH mRNA of the populations examined. Because TH mRNA levels relate directly to the rate of TH activity (Arbogast and Voogt, 1991a) and TH synthesis (Tank et al., 1986) and previous biochemical studies indicate that these neurons have the highest baseline rate of DA synthesis, arcuate DA neurons may exhibit a higher rate of TH mRNA translation relative to that of the other populations. Foremost, our study demonstrates that arcuate DA cells have the fastest basal TH mRNA turnover rate of the hypothalamic DA neurons examined. Therefore, arcuate DA neurons cease dopamine production more quickly than the other hypothalamic DA populations. These characteristics would be important in a neuronal population that is activated for hourly intervals and then rapidly adjusts activity in response to afferents and /or feedback regulation. In support of this contention, arcuate DA neurons were recently shown to display a semicircadian rhythm in pseudopregnant rats (Timmerman et al., 1995) . Fos-related activity, an indicator of neuronal activation, peaked twice daily in arcuate DA neurons in 3-6 hr and subsided to baseline levels within 4 -6 hr (Lerant et al., 1996) . Similarly, within the suprachiasmatic nucleus, vasopressin peptide (Tominaga et al., 1992) and mRNA levels (Carter and Murphy, 1989; Cagampang et al., 1994) exhibit circadian rhythmicity that may be mediated by changes in vasopressin mRNA stability (Robinson et al., 1988; Carter and Murphy, 1989) . Furthermore, this phenomenon occurs in slice explant culture, indicating that changes in vasopressin mRNA stability are not the result of extrinsic signals (Carter and Murphy, 1989) . Arcuate DA neurons, therefore, may also rely on changes in TH mRNA stability to regulate their own rhythmic secretion of DA.
